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Abstract.  A high-resolution external laser photoacoustic spectrometer has been developed for trace 
gas detection with absorption transitions in coincidence with CO2 laser emission lines (9,2-10,9 µm: 
920-1086 cm-1). The CO2 laser operates in 90 CW lines with power of up to 15 W. A PC-controlled 
step motor can tune the laser lines. The resonance frequency of first longitudinal mode of the 
photoacoustic cell is at 1600 Hz. The cell Q-factor and cell constant are measured close to 50 and 28 
mVcmW-1, respectively. The spectrometer has been tested in preliminary studies to analyze the 
absorption transitions of ozone (O3). The ethylene (C2H4) from papaya fruit is also investigated using 
N2 as carrier gas at a constant flow rate.   
 
 
 
1. INTRODUCTION 
 
The availability of adequate instrumentation for trace gas detection is of great importance for the 
understanding of chemical and biological processes in several fields of science such as medicine, 
agriculture, and environment. The availability of tunable lasers has collaborated for the development 
and application of spectroscopic techniques that present unique characteristics. In general they are 
based on measures of absorption of the radiation.  In this sense, the photoacoustic (PA) spectroscopy 
presents sensitivity, selectivity, and time resolution and thus it has been used in several works [1]. In 
this work we present the development of a PA spectrometer with a CO2 laser as the optical pump 
source. The choice of the CO2 laser was motivated by its region of emission around 10 µm with 
enough intensity for good signal-to-noise ratio (SNR).   
 
2.  PHOTOACOUSTIC SPECTROMETER DETAILS 
 
The spectrometer is formed basically by a CO2 laser, a mechanical chopper (SR540), a PA resonant 
cell, a lock-in amplifier (SR530), and a system of control, acquisition and analysis of data. 
  The main characteristics of the homemade CO2 laser are: optical cavity following design 
from NIST/USA with mechanical structure in aluminum, Invar36® rods cavity spacers, pyrex® tube: 
(1500x200x200) mm, diffraction grating of 150 lines/mm coupled to a step motor (ORIEL18512), 
85% semi-transparent output mirror coupled to a PZT ceramic, internal diaphragm for laser beam 
adjust, tube with internal ribs, two discharge regions, and external refrigerated by flow of room 
temperature water, CW operating regime, mono-mode (TEM00) in the region of  9,2-10,9µm, output 
power up to 15W, gaseous mixture (CO2, N2 and He) in continuous flow at total pressure around 
25mbar.  
  The CO2 laser power supply operates in the range from 0-50mA and maximum output 
voltage of 12kV. The supply includes the low voltage concept, low power active filter which provides 
Article published by EDP Sciences and available at http://www.edpsciences.org/jp4 or http://dx.doi.org/10.1051/jp4:2005125205
JOURNAL DE PHYSIQUE IV 
 
 
886
a better than 0.1% current stability and ripple. Two separate power supplies were used to guarantee 
equal current on both arms of laser tube. To obtain symmetric discharges on both arms, each power 
supply starts with a small  current setting, of  the order of 1mA. Once a  low current symmetric 
discharge is established, the current can be swiftly ramped up to the desired value, typically 25mA. 
  We also developed and implemented a drive to command the step motor using a micro 
controller of Atmel 89C52-24JC qualified for the specific tasks of the spectrometer. The drive was 
connected to the PC through the serial port (RS232) and interface software elaborated in friendly 
graphical environment in platform DELPHI.    
The PA cell consisted of a polished brass resonator (l=100mm,φ=15mm) inside an aluminum 
housing. The first longitudinal mode frequency is 1600Hz. The cell has acoustic internal insulators (L 
=λ/4) close to its extremities that are closed with ZnSe Brewster windows [2]. Two small Knowles 
EK3033 electret microphones (sensitivity 22mV/Pa@1600Hz) had been glued in the center of the 
resonator because the first longitudinal resonance pressure amplitude reaches its maximum in a 
perpendicular plan to the optical axis in this point. Therefore, the PA signal is folded while the signal 
of the incoherent noises is multiplied by 2  [3]. The quality factor Q of the PA cell was measured for 
the laser tuned at 10P14 in coincidence with the ethylene absorption transition varying the frequency 
modulation of the laser beam. The Figure 1a shows the PA signal (PA) versus chopper frequency 
using a certified gas mixture of ethylene 10 ppm in N2 flowing into the cell at a rate of 2.4 Lh-1. 
Through the fit of the experimental data to a Lorentzian curve we calculated Q=49 using the 
expression: Q= 2/1 ν0/∆ν; where ν0 is the resonant frequency and ∆ν is the half width of resonance 
profile measured between the points where the amplitude of resonance profile is at 2/1  the peak 
value [4]. 
The cell constant was also calculated for the mixture of ethylene diluted in N2 with mass flow 
controllers (MKS®247).  The Figure 1b shows the normalized PA signal versus ethylene 
concentration.  Considering the total number of molecules in mixture approximately 1019 cm-3 [5] and 
σ=170x10-20cm2 for the absorption cross section of ethylene at 10P14 CO2 laser line [3] we calculated  
a cell constant of 28  mVcmW-1. 
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Figure 1.  Photoacoustic Resonant Cell: (a) Cell Q-factor;  (b) Cell constant. 
 
3. PRELIMINARY RESULTS AND DISCUSSION 
 
The spectrometer was used to analyze absorption transitions of ozone and ethylene. We used an ozone 
commercial generator maintaining constant flow into the PA cell at atmospheric pressure to study the 
ozone absorption spectrum. Figure 2a shows the PA spectrum of ozone obtained simultaneously with 
CO2 laser spectrum. The tuning of the laser was accomplished by rotating the diffraction grating with 
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the PC-controlled step motor. The ozone presents intense absorptions in coincidence with the 9P 
branch. In fact, the spectrum of the ozone in the region of the 9P branch is very characteristic, in 
agreement with the database HITRAN and shown in reference [5]: it presents a dip at the laser line 
9P24(1043.2cm-1) and intense absorptions in resonance with the lines 9P12(1053.9cm-1) and 
9P14(1052.2cm-1) yield a pattern (fingerprint) useful for the recognition of the presence of ozone. 
Figure 2b shows the spectrum just in the region of 9P branch with the cross section (arbitrary units) 
calculated by HITRAN. The mismatching of the intensities at both ends of the photoacoustic spectrum 
can be related to the improper TEM00 mode operation of the laser in these regions. 
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Figure 2. Ozone PA spectrum in coincidence:  (a) CO2 laser emission; (b) 9P branch. 
 
The ethylene from papaya fruit was also investigated using N2 as carrier gas at a constant 
flow rate of 1.2 Lh-1 to transfer it from the fruit in the sampling chamber to the PA cell. The Figure 3 
shows the photoacoustic spectrum of ethylene produced by the fruit in the region of 10 P branch of 
CO2 laser. The ethylene concentration resulted in 25 ppm comparing with the result from a 10 ppm 
certified mixture. A complete study was made recently for different types of tropical fruits [6].   
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Figure 3. Photoacoustic spectrum of ethylene produced by papaya fruit. 
 
4. CONCLUSION 
 
We evaluated the limit of detection of the spectrometer for ozone and ethylene. For ozone we used a 
commercial ozone meter (Anseros Ozomat) at the inlet of the PA cell. We determined the 
photoacoustic signal in function of the concentration indicated in the meter. The experimental 
detection limit results close to 100 ppm using SNR=1. The detection limit of ethylene was obtained 
close to 500 ppb by comparing with a 10 ppm certified mixture. The PA cell is being optimized to 
improve the detection limit.   
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